Background 19 There is increasing evidence that the transpositional activity of retroelements (REs) is not limited 20 to germ line cells, but often occurs in tumor and normal somatic cells. Somatic transpositions 21 were found in several human tissues and are especially typical for the brain. Several 22 computational and experimental approaches for detection of somatic retroelement insertions was 23 developed in the past few years. These approaches were successfully applied to detect somatic 24 insertions in clonally expanded tumor cells. At the same time, identification of somatic insertions 25 presented in small proportion of cells, such as neurons, remains a considerable challenge.
(i)
Obtaining the genome fragments adjacent to RE insertions. In this study we performed 94 selective amplification of the regions flanking retroelements of an evolutionary young 95 AluYa5 subfamily using previously described technique (13, 18, 24, 25) Obtaining the genome fragments adjacent to RE insertions 113 50,000 nuclei were extracted from the frozen human brain sample (frontal cortex). Genomic 114 DNA was extracted and used for selective amplification using suppression PCR. This procedure 115 included DNA digestion by AluI endonuclease followed by ligation of suppressive adapters (see 116 Fig. 1 ). Each molecule of the ligated adapter contains a "unique molecular identifier" (UMI) -a 117 random sequence of 8 partly degenerated nucleotides (see Supplementary table 1 for insertion that is presented in one out of 50,000 cells (see Materials and Methods). Following the 140 addition of spike-in controls, the mixture was divided into two equal aliquots. One aliquot was 141 sequenced and used as unnormalized control whereas the other one was subjected to 142 normalization using duplex-specific endonuclease.
144
Normalization using the duplex-specific endonuclease 145 The amplicon was denatured, renatured and treated by the duplex-specific endonuclease. Sequencing and data analysis 158 Three libraries ("unnormalized", "normalization 1" and "normalization 2") were 159 sequenced using Illumina HiSeq. More than 47 millions of sequencing reads were obtained (see 160 normalized libraries significantly changed as a result of the normalization process (Table 1) . 167 The identification of potentially somatic insertions was performed as previously described (13, 168 18). Briefly, all sequencing reads were mapped to the reference human genome and the obtained 169 coordinates were compared to the coordinates of fixed and polymorphic Alu insertions. To filter 170 out the insertions present in all tissues of the donor, the remaining coordinates were compared to 171 the previously identified Alu coordinates from four other tissues of the same individual (13). 172 Only the insertions that did not match any RE insertion in the human genome and were absent 173 from the other four tissues of the same individual were considered potentially somatic. 174 Additionally all artificial sequences (e.g. chimeric reads, PCR fragments resulting from 175 mispriming, etc) were filtered out using previously described stringent algorithms (18 The efficiency of normalization was evaluated by direct counting of the number of 188 somatic insertions, sequencing reads and UMIs corresponding to somatic insertions and spike-in 189 controls (see Table 2 ). The number of identified somatic insertions increased more than 3.5-fold 190 (from 48 to 173) after the first round of normalization and 7.9-fold (from 48 to 379) after the 191 second round compared to the "unnormalized" library. Pearson's Chi-squared test indicated a 192 significant increase in the proportion of somatic insertions relative to fixed ones (p = 9.7×10 -5 for 193 "unnormalized" versus "normalization 1"; p = 4.5×10 -13 for "normalization 1" versus 194 "normalization 2"; p < 2.2×10 -16 for "unnormalized" versus "normalization 2"). The number of 195 sequencing reads representing somatic insertions increased from 61 in "unnormalized" library to 196 641 and 1,612 after the first and the second rounds of normalization respectively. 39 out of 379 197 insertions identified in the "normalization 2" library had more than one UMI indicating that these 198 insertions were initially present in more than one cell. Only one out of four spike-in controls was 199 detected in the "unnormalized" library. Two spike-in controls were identified in the 200 "normalization 1" library whereas three out of four spike-in controls were detected in the 201 "normalization 2" (see Table 2 ). The number of sequencing reads corresponding to spike-in 202 controls also increased from one in the "unnormalized" to nine in the "normalization 2" library. Spike-in controls DR240 (in 5 cells**) 0 4(3)* 7(4)* DR389 (in 5 cells**) 1(1)* 1(1)* 1(1)* DR259 (in 1 cell***) 0 0 1(1)* DR418 (in 1 cell***) 0 0 0 * number of MIs is given in parentheses 222 ** corresponds to an insertion present in 5 out of 50,000 cells 223 *** corresponds to an insertion present in 1 out of 50,000 cells 224 225 We additionally employed quantitative PCR (qPCR) as another method to estimate 226 efficiency of normalization. To this end, we used primer pairs that corresponded to sequences between the most abundant and the most rare sequence in our experiment changed from nearly 242 25 qPCR cycles (that is roughly 33,000,000-fold difference in concentration) to only 10 cycles 243 (corresponding to 1,000-fold concentration difference). 246 More generally, the effect of normalization is described by the normalized entropy 247 measure that evaluates distribution uniformity of sequencing reads per insertion (The normalized 248 entropy equals one if each insertion is covered by an equal number of sequencing reads, and 249 asymptotically approaches zero as the reads per insertion count becomes more biased). For the 250 "unnormalized" library, the normalized entropy was estimated at 0.62. After the first and second 251 rounds of normalization the entropy was increased up to 0.85 and 0.92 respectively. Thus we 252 conclude that normalization makes the distribution of reads per insertions more even and 253 increase the total number of different insertions detected, hence leading to the more efficient 254 discovery of low represented insertions (see supplementary figure 1). 255 Renaturation of an amplicon during normalization is a complex process where many 256 different types of molecules are hybridized to each other. For each group of molecules with the 257 identical nucleotide sequence the speed of renaturation is mainly proportional to concentration 258 although other factors including molecules length and GC content are also important. To 259 evaluate the impact of these two factors on the normalization efficiency we plotted the number of 260 sequencing reads corresponding to each Alu insertion from Ya5 (highly abundant before 261 normalization) and Yb8 (rare before normalization) subfamilies versus the length of each 262 fragment (Fig 3a) . No relation between fragment length and normalization efficiency was 263 observed. The impact of GC content on the normalization efficiency was more complex (Fig 3b) . 264 We observed a lower normalization rate for AT rich fragments during the first round of 265 normalization. However, during the second round, the normalization rate for AT rich fragments 266 was similar to their counterparts with higher GC content. Along with a more than 26-fold increase in the number of sequencing reads representing 291 somatic REs, the number of identified somatic insertions increased by 7.9-fold (from 48 to 379) 292 and the UMI number increased by 9.2-fold (from 51 to 468). The difference between the 293 increments of the sequencing reads and somatic insertions might be explained by the limited 294 number of somatic REs present in 50,000 cells. Therefore, the enrichment by normalization 295 increases the number of reads, while the number of identified insertions starts reaching a plateau. 296 In this study we employed two successive rounds of normalization. The first 297 normalization round resulted in a 10-fold increase in the number of sequencing reads 298 corresponding to somatic insertions and 3.5-fold increase in the number of identified somatic 299 insertions. After the second round of normalization there was an additional ~2.5-fold increase in 300 both the number of reads and the number of somatic insertions. The difference in the efficiency 301 of the first and second rounds of normalization probably reflects the principal limitation of the 302 method of enrichment for low abundant fragments under selected conditions (renaturation time 303 and DNA concentration). 304 UMIs are increasingly applied in the HTS-based methods to reduce the biasing effect of 305 PCR and sequencing on quantitative information about particular sequences in the initial sample 306 and to correct for PCR and sequencing errors (16, 17, 30) . For instance, UMIs were used recently 307 for the quantitative assessment of T cell repertoire diversity in course of aging (31). Although 308 deep oversequencing is usually required for the accurate estimation of UMI based events (30), 309 some unique quantitative traits could be obtained even with smaller sequencing depth. Here we 310 ligate UMIs before introducing any quantitative bias by selective PCR or bridge amplification on 311 the solid phase of the Illumina sequencing machine. Thus, the number of UMIs ligated to the 312 fragments with identical sequences corresponds to the number of cells bearing this particular 313 insertion. 314 Furthermore, the use of normalization in combination with UMI can help to distinguish various 315 artifacts from the true somatic events. Formation of artifacts is a sporadic process which 316 normally can't be repeated even twice. As retroposition usually occurs in dividing cells, the new 317 somatic insertion can be found at least in few cells and will have more than one UMI in contrast 318 to chimeric molecules on condition of appropriate sequencing depth which can be reached by the 319 use of normalization procedure. The similar technique based on signal strength differences 320 between true insertions and artifacts was previously used in single cell based technique and 321 now can be applied to artifact filtering in multiple cell sequencing approaches. In this study we 322 found 39 potential somatic AluYa5 insertions (Table 2) Somatic RE activity in humans and other mammals has been intensively studied over the 334 last several years. Several studies reported a significant rate of insertional mutagenesis mediated 335 by de novo integrations of REs not only in cancer, but also in normal human tissues including the 336 brain. However, current enrichment protocols do not provide enough power for the detection of 337 novel RE integrations and thus the sensitivity for somatic RE detection is usually enhanced by 338 increasing the number of sequencing reads, which is cost consuming. The described approach 339 can increase the efficiency of existing RE identification methods decreasing the number of 340 sequencing reads required for the confident estimation of somatic REs abundance. Furthermore, 341 the method allows to analyze much larger samples (tens of thousands cells) than usually studied First aliquot (15 µl) was reamplified with AY16-ind302/st19okor primers and Encyclo 423 polymerase for 9 cycles as described above resulting in "normalization 1" library. Second aliquot 424 (15 µl) was reamplified with AY16-6/st19okor primers and used for second normalization as 425 described above except of higher DNA concentration (1800ng in 3 µl). After the second 426 normalization DNA was purified using AMpure XP beads and reamplified with AY16-427 ind304/st19okor primers and Encyclo polymerase for 9 cycles as described above resulting in 428 "normalization 2" library. where Hn is normalized entropy, p i is a proportion of reads in the i-th insertion to the overall 455 number of reads, |D| is a size of the distribution (total number of identified insertions). 456 To correct sequencing errors in UMIs corresponding to each somatic Alu insertion we built a 457 graph where UMI sequences were vertices and hamming distances between them were edges. 458 Each strongly connected component in the graph with one "parental" UMI was deleted. 
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Parameters of amplicon library normalization
